The age-related decline in physical activity during adolescence is well documented; however, little is known about differences in physical activity among early, average, and late maturing adolescents. The purpose of this study was to examine the relationship between maturity status and physical activity among 167 adolescents who were 13-14 years old. The maturity offset was derived and biological maturity groups were created. Habitual physical activity was determined with a pedometer over a 7-day period. No significant maturity-group differences were found for physical activity. The results of this study did not demonstrate significant differences in physical activity as determined by a pedometer among early, average, and late maturing 13-to 14-year-olds.
It is well known that animals, including humans, show an age-related decline in physical activity (11) . During the human lifespan, the largest annual declines in physical activity occur during adolescence. The reasons for this observation remain unclear because the complexity of the physical activity phenotype, which is influenced by psychological, social, cultural, and biological factors. Although much attention has been given to psycho-social-cultural aspects (12) , few studies have considered biological aspects of the age-related decline in human adolescent physical activity (11) . Recent reviews (10, 16) provide evidence that support the role of biological processes regulating levels of habitual daily physical activity and energy expenditure.
A key biological feature of the adolescent period involves the maturation of the hypothalamic-pituitary-gonadal (HPG) axis (14) . During puberty the HPG axis mediates the release of gonadotropins, which results in neural reorganization (13) and rapid changes in body size and composition (8) . Conceivably, these neural and somatic changes might directly or indirectly influence locomotor behavior (i.e., daily physical activity). The hormonal milieu during puberty might also contribute to altered levels of physical activity in an effort to maintain energy balance. To date, the relationship between pubertal status and energy expenditure is unclear, primarily because of the mediating effects of fat-free mass (7) and the uncertain role of leptin during the pubertal period (9) .
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Although an apparent age-related decline in physical activity during adolescence has been documented (1), few studies have specifically examined pubertal differences in physical activity (15) . Using a self-report questionnaire, Thompson et al. (15) examined longitudinal changes in physical activity among boys and girls and found that the age-related gender differences in physical activity disappeared after controlling for biological age. Romon et al. (9) reported significant differences in pedometer-assessed physical activity (steps/day) among boys, but not girls, across stages of secondary sex characteristics (pubertal stages). Although these results suggest physical activity might be influenced by biological maturation, it remains to be examined whether there are differences in physical activity between early, average, and late maturers. Therefore, the purpose of this study was to examine the relationship between maturity status and physical activity among 13-to 14-year-old adolescents. Limiting the age range to 13-to 14-year-olds provides a unique design given the considerable variability in pubertal status at this age.
Methods

Participants
A total of 167 (81 boys, 86 girls) middle school students were recruited during a physical education class in the months of January, April, and November of 2004 to participate in the study. Details about the study design were provided to the participants at the beginning of the class period, and then the students had an opportunity to ask the primary investigator questions regarding the study protocol. After all questions were satisfactorily answered, informed consent forms were distributed to the students to be taken home and signed by a parent or legal guardian. On a separate occasion, the primary investigator returned to the school to collect completed consent forms. At this time students signed the child assent form before participating in the study. The study was approved by the Institutional Review Board for Human Subject Research.
Anthropometry
Chronological age was calculated by subtracting the participant's date of birth from the observation date. Standing height, sitting height, and body mass were measured following standard procedures (4). Standing and sitting heights were measured with a portable stadiometer (Seca Road Rod, Seca Corporation, Hanover, MD) to the nearest 0.1 cm. Leg length was calculated by subtracting sitting height from standing height and was used as a covariate in the analysis to account for differences in body size among early, average, and late maturing boys and girls. Body mass was measured with a strain gauge scale (Lifesource, A&D Maker, Milpitas, CA) to the nearest 0.1 kg. The body mass index (BMI) was calculated by dividing the participants' body mass (kg) by their height (m 2 ).
Biological Maturity Status
Given the methodological and practical limitations of assessing maturation by skeletal, somatic, and sexual indicators, Mirwald et al. (6) developed gender-specific equations to estimate the maturity offset, or number of years away from peak height velocity (PHV). Using cross-sectional anthropometric data (stature, sitting height, leg length, body mass, and chronological age; Equation 1), the prediction equation offers a noninvasive and feasible approach to estimate maturity status. The validity coefficient between skeletal age and maturity offset is 0.83 (6), suggesting acceptable agreement between the two approaches to estimate maturity status.
Boys: Maturity offset = -9.236 + 0.0002708 (leg length × sitting height) -0.001663 (age × leg length) + 0.007216 (age × sitting height) + 0.02292 (weight:height) (1a)
Girls: Maturity offset = -9.376 + 0.0001882 (leg length × sitting height) + 0.0022 (age × leg length) + 0.005841 (age × sitting height) -0.002658 (age × weight) + 0.07693 (weight:height) (1b)
Although the maturity offset does not provide an indication of tempo, it does provide an indication of timing between individuals to allow for comparisons between biological maturity groups. The maturity offset can be used as a continuous variable to predict a dependent variable (i.e., physical activity), or it can be used to estimate the age at PHV (estAPHV; estAPHV = chronological age -maturity offset). In doing so, comparisons between biological maturity groups (e.g., early, average, and late maturers) can be examined. For this study, average maturing boys and girls had an estAPHV within ±0.5 years of the sex-specific group average estAPHV. Boys and girls with an estAPHV that exceeded the ±0.5 year band surrounding the sex-specific group average estAPHV were considered late maturers, whereas boys and girls with an estAPHV below the ±0.5 year band were considered early maturers.
Measurement of Physical Activity
Habitual physical activity was determined with the Digiwalker (MLS-2000) pedometer, which has been shown to be a reliable and valid tool to determine the number of steps (3, 17) . Before data collection, the primary investigator provided instructions regarding the proper use of the pedometer. Participants were instructed to wear the pedometer on the right side of the body aligned with the right knee during all waking hours over a 7-day period. Throughout the assessment period participants were instructed to record the total number of accumulated steps each day and then reset the pedometer for the following day. To assist with the interpretation of the pedometer data, participants were also instructed to write down the time the pedometer was put on in the morning and removed at night. This information was recorded on an index card that was distributed to the students at the start of the assessment period. Before data collection, participants completed a 20-step test outlined by the manufacture to determine the accuracy of each pedometer. A different pedometer was provided and the test was repeated if the pedometer-derived step value differed from the 20-step test by ±5 steps.
Data Reduction and Analysis
Participants were included in the analysis if they had at least 4 days of acceptable pedometer data (i.e., daily step total within ±3 SD) that included at least one weekend day. Twenty-eight (16 boys, 12 girls) participants were excluded because they did not meet this criterion. Thus, the final sample included 139 students (65 boys, 74 girls). Daily step values were averaged to provide an indication of weekly physical activity level.
Descriptive statistics (mean, standard deviation, and range) were calculated for the anthropometric and physical activity characteristics. Gender differences in physical activity (steps/day) were tested using an independent t test. Maturity-group differences in physical activity were tested using univariate analysis of covariance (ANCOVA), controlling for leg length, chronological age, and assessment month. Levene's test for equality of variance was examined to ensure that the variance in physical activity (steps/day) was not significantly different between maturity groups. Partial correlations, controlling for leg length, chronological age, and assessment month, were used to examine the relationship between estAPHV and physical activity. All statistical analyses were conducted using SPSS (Version 12.0). Statistical significance was set at p < .05.
Results
Means, standard deviations, and ranges for participant characteristics are presented in Table 1 . Significant gender differences were observed among all variables except body mass and BMI. As expected, the mean estAPHV occurred earlier in girls (12.2 years) than boys (13.9 years), and there was a considerable amount of variation in the estAPHV (girls: 11.0-13.4 years; boys: 12.1-16.1 years). Maturity-related differences in participant characteristics are presented in Table 2 . Among boys, there were significant maturity group differences for stature, leg length, body mass, BMI, maturity offset, and estAPHV. On average, early maturing boys were taller and heavier compared with their normal and late-maturing counterparts. Average maturing girls were taller and heavier than late maturing girls; however, in contrast to the boys, no differences in BMI values were found between maturity groups. Figure 1 shows the distribution in average physical activity (steps/day) among boys and girls. Overall, our results indicate that the average amount of physical activity was significantly greater among boys than girls (p < .05). Among boys, no significant mean difference in adjusted physical activity was found between early, average, and late maturers (F[2,59] = 0.79, p = .46; Levene's test for equality of variance = 0.88; Figure 2 ). Among girls, average adjusted pedometer steps/day were not significantly different between early, average, and late maturers (F[2,68] = 1.6, p = .21; Levene's test for equality of variance = 0.96; Figure 2 ). No significant correlation was found between estAPHV and physical activity for boys (r = 0.18, p = .16) or girls (r = -0.04, p = .75).
Discussion
The results indicate that the average amount of pedometer-determined physical activity (steps/day) was not significantly different between early, average, and late maturing boys and girls. An interesting trend observed among girls in this study was the apparent step-wise decline in physical activity among early (12,427 steps/day), average (9,982 steps/day), and late maturers (8,642 steps/day). It is likely that the tremendous amount of variability in average pedometer steps/day between maturity groups combined with the relatively small sample size for early and late maturers contributed to the nonsignificant results. Few studies have examined maturity-related differences in physical activity among boys and girls of similar chronological age; therefore, direct comparisons with our results are limited. Thompson et al. (15) examined the influence of biological maturation on physical activity using a longitudinal approach among 70 boys and 68 girls ages 9-18 years. The data were presented as changes in physical activity aligned by chronological and biological ages. Although both scales demonstrated a decreasing trend in activity, the significant gender differences observed across chronological age were eliminated when aligned by biological age (e.g., years from PHV). Differences in physical activity between early, average, and late maturers were not provided because a boy 1 year away from PHV could be an average maturing 13-year-old or a late maturing 14-year-old. In the present study, the maturity offset was subtracted from the participant's chronological age, thus allowing us to categorize early, average, and late maturation. Using cross-sectional data, Romon et al. (9) grouped 10-to 16-year-old children by pubertal stage (e.g., Tanner stages) and reported pedometer steps/day to be greater among boys in Tanner Stage 1 (10,509 steps/day) than in Tanner Stage 5 (8,103 steps/day); however, the boys in Tanner Stage 5 were also older, and thus the difference in physical activity (steps/day) might be age-related rather than maturity-related. In either case, accounting for differences in leg length is necessary to properly interpret pedometer-assessed physical activity data. Among Romon et al's sample, the boys in Tanner Stage 1 were significantly younger (~10 vs. 16 years) and shorter (~1.4 vs. 1.8 m) than boys in Tanner Stage 5. Thus, it is unclear whether the 10-year-olds in Tanner Stage 1 were more active than the 16-year-olds in Tanner Stage 5 given the observable differences in leg length and distance covered per stride. Using allometric principles, Eisenmann and Wickel (2) determined that steps between youth of varying size can only be considered the same if they are taken at the same speed. Unfortunately, the pedometer is limited in that it is unable to assess speed of movement. In the present study, chronological age and leg length were used as covariates in an effort to gain a better understanding of the maturity-related differences in physical activity.
This study is not without limitations. First, the cross-sectional design does not allow individuals to be followed as they progress through puberty. Second, most of our participants (boys and girls) were classified as average maturers. Future studies examining maturity-related differences in physical activity should rely on larger sample sizes with an adequate number of participants in each maturity group. Third, although the pedometer does provide an objective view of physical activity, it is unable to provide information regarding the components of physical activity (i.e., sedentary, light, moderate, and vigorous activity) or nonlocomotor activities. Future research efforts seeking to examine maturity-related differences in physical activity should rely on accelerometry or other sophisticated measures to allow for a better indication of physical activity. Accelerometers would also be capable of examining segments of the day (e.g., after school) when the choice to be physically active can be decided by the individual. Finally, a clinical standard of biological maturity status (e.g., skeletal age, secondary sex characteristics) was not available for the current study; however, Mirwald et al. (6) previously demonstrated the validity of these predictive equations to estimate years away from PHV. Using the maturity offset to estimate age at PHV, the average estAPHV was ~1.7 years earlier in girls. This observation, along with the average estAPHV in girls (12.2 years) and boys (13.9 years), is similar to findings from several samples of contemporary adolescents (5,14,15) . The wide range in estAPHV among girls (11.0-13.4 years) and boys (12.1-16.1 years) is also consistent with previous reports and highlights the between-individual variability in timing of biological maturation.
In summary, this article is one of the first to examine maturity-related differences in physical activity among adolescents. Previous studies have shown the age-related decline in physical activity during this time period. The results of this study did not demonstrate significant differences in physical activity as determined by a pedometer among early, average, and late maturing 13-to 14-year-olds. Future studies examining maturity-related issues should employ a longitudinal study design, objectively assess physical activity, and consider biomarkers that might regulate puberty and energy homeostasis.
